Abstract -High-permittivity dielectric samples have been measured employing a transmission/reflection method in 7 mm coaxial transmission lines with an air-gap correction implemented that is based on a single-frequency measurement of these specimens using a TE 01δ mode dielectric resonator technique. This allows an improvement of systematic uncertainties for high-permittivity materials.
Introduction
The coaxial-line transmission/reflection method is commonly used for measuring the complex permittivity of dielectrics over a broad frequency band [1] [2] [3] . A typical measurement setup for this technique is shown in Fig.1a . One of the major sources of measurement error in this method are small air gaps between the sample and the coaxial line [3, 4] . The air-gap capacitance is a nonlinear function of the specimen's complex permittivity, and the uncertainties substantially increase with the real part of permittivity. The presence of small air gaps have traditionally limited the use of transmission-line methods to relative permittivities of less than 10. The systematic effects of the air gap can be reduced by measuring the space between the sample and the holder and then using the commonly accepted algorithm [4] . However, precise measurements of the gap between the inner conductor of coaxial line and the sample are extremely difficult. It is possible to estimate an air gap by the measurement of the real part of the permittivity of the specimen at one frequency using an accurate TE 01δ mode dielectric resonator measurement system as depicited in Fig.(1b) [5] . The samples measured in the dielectric resonator had precisely-machined holes in the center for later fitting in the coaxial line. The presence of the center holes are accounted for in the dielectric-resonator measurement. Once the permittivity is measured at this frequency in the resonator, its value can be used to determine the effective coaxial sample inner radius and then this radius can be used to calculate the air gap for broad-frequency transmission-line measurements. This combines the strengths of the two methods. The resonant method is limited to a single frequency, whereas the coaxial line is limited by the air gap error [3, 4] . Other methods have been used in the past to mitigate air gaps such as the use of conducting pastes or larger diameter coaxial lines [6] .
Results of experiments
The same samples were measured employing a TE 01δ mode dielectric-resonator technique. Results of the measurements of the permittivity and dielectric loss tangent of three samples having different permitivities are shown in Table I . The same samples were measured employing a coaxial-line transmission/reflection method and the permittivity was evaluated with and without an air-gap correction. In the air-gap correction only the internal diameters d s of the samples have been varied to fit the real permittivity values measured by the TE 01δ mode dielectric resonator technique. Results of the experiments are shown in Figs. 2 to 4. Note that in Fig. 2 , whereas the random uncertainties with and without the air correction are similar, the systematic corrections are significant. In Table I , Type A relative expanded uncertainities for ε For BST, the coaxial line measurement had a higher-mode resonance at 2.4 GHz, so we used the resonator measurement of permittivity at 2.4 GHz in the correction at 2 GHz. The D50 material had been used in a previous round robin [7] . The results of measurements in this paper are much closer than what was achieved by air-gap corrections in that intercomparison.
